The present study was carried out during the two successive fall seasons of 2017 and 2018, at private farm in Kafr El-Sheik Governorate, under clay soil condition using furrow irrigation system. These experiments aimed to evaluate the effect of some combinations among four plant densities (20, 30, 40 and 60 plants/m 2 ) with four types of chemical compounds (its symbols i.e., chemical compound 1, 2, 3 and 4) beside the control treatment on growth, yield and pods quality of snap bean (Phaseolus vulgaris L.) cv.Polista as a famous variety, grown under open field conditions. This study aimed to introduce a practical solution to resist atmospheric changes and instability in temperature and especially sudden sharp recursively during growth and fall season.
INTRODUCTION
Snap bean (Phaseolus vulgaris L.) considered as one of the most important vegetable crops grown in Egypt for both local consumption and exportation. It plays an important role in human nutrition as a cheap source for protein, carbohydrates, vitamins and minerals.
Plant density considered as one of main factors affecting bean yield. The number of plants per unit area was controlled by variation in plant spacing between and within rows. Tompkins et al., (1974) found that plant height of french bean cultivars decreased with increasing spacing between plants from 5-15 cm. and low density planting. Leaf area and leaf area index of phaseolus vulgaris at flowering stage were higher at 15 cm. spacing between plants than 5 or 7.5 cm. and varied inversely with plant population and cultivars ( Appadural et al.,1974 ) . Waters et al., (1983) showed that increasing plant population of some snap bean cultivars reduced the fresh weight of all other plant parts and induced severe effect on branch number. A ppadural et al., (1974) found that 15 cm. spacing between snap bean plants obtained significantly higher green yield, while, Tompkins et al., ( 1974) . Argerich and Calvar (1986) resulted higher green pod yield of snap bean at the low spacing and high density planting with much higher percentage of small pods, pale color and non-homogeneity of shape that caused reduction in pod number and weight per plant.
Many researchers found that increasing plant density of snap bean increased total grain yield of all studied cultivars, but had bad effect on number of Pods/plant, seed yield/plant, number of seeds/pod and the weight of 100 seeds (Edje et al., 1973; Barreto, 1983; Lollato et al., 1983 and Waters et al., 1983) . Moreover, Silva (1984) obtained highest seed yield of beans at 80 cm. row width and 350000 plants/ha in double rows and followed by 60 cm. row width and 250000 plants /ha in single row, Ali and Tripathi (1988) found that the numbers of pods /plant, 100 seed weight and seed yield increased with increasing plant density of 3 french bean cultivars while Dwivedia et al., (1994) obtained highest seed yield of French bean at the spacing of 8 cm. between plants and density of 400000 plants/ ha. Plant density had little effect on carbohydrate and nitrogen content of seeds (Waters et al., 1983) .
Many investigations recorded that bean plants are very sensitive to climate change, especially weather fluctuations within one planting season (Dale, 1964 , singer et a., 1996 and El-Tohamy et al., 1999 . However, bean plants are relatively sensitive to environmental stresses where occur under field conditions, compared to most vegetable crops which negatively affected its growth, yield and even quality. Under such stressful environmental conditions and the consequences of exposure to low temperature relatively, reduction in yield and different performances could be expected (Buis et al., 1988 , Fryer et al., 1995 , Greaves, 1996 and Haldiman, 1998 . The degree of plant tolerance to environmental stress varies greatly not only between species but also in different varieties of the same species (Wentworth et al., 2006) .
One of the ways for improving tolerance of bean plants to the possible environmental stresses by using different agricultural treatments to enhance growth and maximize the yield. The presence of mineral elements such as potassium, phosphorus, nitrogen, sulfur, zinc, boron and molybdenum also antioxidant or plant growth regulators act as factors for some enzymes, i.e., dismutases, catalase and peroxidases those catalyzed break down of the toxic H 2 O 2 , OH ,O 2 radicals (Romheld and Marschner ,1991 and Bowler et al.,19992) . Also explained that K in plants is involved in photosynthesis, assimilate transport, enzyme activation, and oxidative stress. Deficiency of this element in the initial growth stage significantly disturbs the distribution of assimilates between above-ground organs and roots. Deficiency of the element in soil may lead to fewer primordial and impede the nitrogen (N2) fixation mechanism, which may be linked to lower protein content in seeds.
Sulfur also plays a vital role in N2 fixation. To improve the S supply in faba bean, potassium sulphate ( K 2 SO 4 ) fertilizers are mostly used. In this way, two nutrients are applied simultaneously.
Compounds contain of amino acids and cytokinins have stimulatory effects on bean plants. It has a beneficial role during vegetative and reproductive growth through improving flower formation and their set in some plants, also plays a vital role of enhancement carbohydrates accumulation exactly during stress (Barnett et al., 1990) , as well as ,enhancing the accumulation of chlorophyll and delay senescence ( Mattagagajasingh and Kar, 1989 and Novabour et al.,2003) . Auxin as IBA (Indole -butyric Acid) plays a supporter role with cytokinins on plant growth (Wilkins, 1984) .
Extracts derived from algae contain such components as polysaccharides (e.g., galactan, fucoidan, alginate, and laminarin), proteins (e.g., lectins), polyunsaturated fatty acids (PUFAs), pigments (e.g., chlorophylls, carotenoids, and phycobiliproteins), polyphenols (e.g., phenolic acids, flavonoids, cinnamic acid, isoflavones, benzoic acid, and lignans, quercetin), minerals (e.g., K, Mg, Ca, and Na), and plant growth hormones (e.g., cytokinins, auxins, gibberellins, and abscisic acid) . Scientific research has proven that some algal metabolites show potential antioxidant, antiproliferative, ant diabetic, antitumor, antiinflammatory, antiallergic, and anti-HIV properties ( Chojnacka et al., 2012) .
Thereby, the present study aimed to use some commercial compounds which can enhance growth, with different plant density, in autumn season, when plants are exposed to unstable waves of low cold temperatures or climate changes, especially weather fluctuations within one planting season.
MATERIALS AND METHODS
The present study was carried out during the two successive fall seasons of 2017 and 2018, at private farm in Kafr El-Sheik Governorate, under clay soil condition using furrow irrigation system. These experiments aimed to evaluate the effect of some combinations between plant density with types of chemical compounds additions plus the control treatment (without any chemical additions) on growth, yield and pod quality of snap bean (Phaseolus vulgaris L.) cv.Polista
The experimental design and treatments:
The experimental layout was split plot system in a randomized complete blocks design with three replicates. The experiment includes 20 treatments which were the combination among four densities, four chemical compounds applications, beside the control treatment (without chemical compounds applications).The densities were randomly arranged in the main plots, while the chemical compounds treatments were randomly distributed in the sub plots. The treatments were arranged as follow:
Densities:
a. 20 plants/m 2 (seeds sowing at 10cm at one side/ridges). b. 30 plants/m 2 (seeds sowing at 7cm at one side/ridges). c. 40 plants/m 2 (seeds sowing at 10 cm at two sides/ridges under the method of agriculture man crow). d. 60 plants/m 2 (seeds sowing at 7 cm at two sides/ridges under the method of agriculture man crow).
Chemical compounds applications:
a. Chemical compound 1; at 4litre/fed. (Obtained from commercial company) consists of (50% potassium acitate-200.0%cytokinin-BA6). b. Chemical compound 2; at 2litre/fed. (Obtained from commercial company) consists of (P-Bo-Zn-N-Mo-Fe-K-IBA-Amino acids-Volvic acid sea algae extract). c. Chemical compound 3; acts traditional agriculture treatment using calcium super phosphate and potassium sulphate extract (1K: 2P %). d. Chemical compound 4; acts traditional agriculture treatment also using mixture of liquid potassium oxide (37%) 250cm/L+ (40%) phosphoric acid70cm/100L + 150 cm liquid sulfur 200cm/100L e. Control (without any of last compounds).
The plants were treated with the four chemical compounds three times, 20 days after sowing and repeated each15-20 days interval. The normal agricultural practices of snap bean production were followed according to the recommendations of Egyptian Ministry of Agriculture. The physical and chemical properties of the experimental soil are presented in Table (1) . 
Pod yield and its components:
Green pods were picked at the proper maturing stage through the harvesting period for estimation of yield parameters, i.e., pod length (cm), pod diameter (mm), average pod weight (gm.), number of pods/ plant and total yield ( ton per feddan).
Chemical composition of leaves:
Mineral elements were determined in all leaves after 15 days from last addition of fertilizer doses, however; samples were dried at 70 0 C to determine total nitrogen, phosphorus and potassium content according to the methods described by Black (1983) , Watanabe and Olsen (1965) and Jackson (1965), respectively. Whereas, total chlorophyll was determined using spectrophotometer according to the methods described by Lichtenthaler and Wellburn (1983) .
Chemical properties of pods:
Chemical properties of pods i.e., TSS,ascorbic acid (vitamin C), titrable acidity(%) and crude fibers were recorded according to the method by A.O. A.C.(1980) and crude fibers according to Maynard (1970) .
Statistical analysis:
The obtained data were subjected to the combined analysis of variance procedure and means compared using L.S.D. methods at 5% level of significance according to Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION

Vegetative growth character:
Effect of plant densities:
Data in Table ( 2) reveal that the plant height, number of branches / plant, number of leaves/plant, leaf area/ plant as well as fresh and dry weight of snap bean plants were significantly responded with the increment of the plant density from 20 plants/ m2 to 40 plants/m2. Whereas , It could be summarized that, the growth characteristics of snap bean plants recorded superiority the highest value when planted at 40 plants/m2 followed by 60 plants/ m2 without significant differences between them . In this regard, Amer et al., ( 2001 ) studied the effect of plant densities ( 11,22 and 33 plants /m2 ) on pea plants, the results showed that increasing plant density to 33 plants /m2 decreased the number leaves, Moreover, Yucel (2013) found that plant height and number of leaves were affected by plant densities when planting at 40 plants/ m2 was favorable in wintrily seasons. Darwesh (2012) on cowpea, Kazemi et al., (2012) and Khairy (2013 ) on snap bean reported that hight plant density obtained higher values of plant high and low values of number of leaves as well as plant fresh and dry weight ,although low density were occurred the opposite of these results.
Effect of different sources of chemical compounds:
The results presented in Table ( 2) showed that the vegetative growth of snap bean plants was significantly affected by addition of different sources of chemical compounds in the two experimental seasons. According to the values of leaf area, fresh and dry weight recorded that treated plants by compound 1 and 2 surpassed the other treatments in both seasons. However, compound 2 recorded the highest values of leaf area (1198.60 and1201.40 cm2), fresh weight (45.60 and 52.50gm) and dry weight (8.61 and 10.38 gm) in both seasons, respectively. Moreover, the lowest values of leaf area (1017.56 and 1026.35cm 2), fresh weight (34.47 and 37.91 gm.) and dry weight (6.18 and 6.34 gm) were noticed with untreated plants.
The results revealed that the compound 1 and compound 2 treatments recorded the highest values of plant highest (37.11and 36.00cm.) and (38.88 and 38.38 cm.), stem diameter (6.25 and 6.03 mm) and (6.36and 5.03 mm), number of branches (4.77 and 4.55) and (5.76 and 5.88 ) and number of leaves (16.67 and 16.86) and ( 21.11and 20.85) in both seasons, respectively compared with compound 3 and 4 treatments. The control plants recorded the lowest values of plant height (32.55and 31.77 cm.), stem diameter (5.13 and 4.91 mm), number of branches (2.11 and 2.02) and number of leaves (9.38 and 9.22), respectively in the two growing seasons.
The favorability effect of compound 1 and compound 2 compared to other treatments and control may be due that the two compounds contain of cytokinins, types of auxins , free amino acids , micro elements and sea algae extracts also antioxidants which protect the plants against the diverse condition.
As for chemical compound 1 which consists of cytokinins , its favorable effect on vegetative growth of snap bean might be due to its role as a plant growth stimulator ( Mahmood et al., 2010 and Basra et al., 2011 ) . Moreover, potassium acetate and (butyric acid -6) accelerate the growth of plants, strengthen plants and improve resistance against pests and diseases (Hussain et al., 2013) . In this context, Emongor (2015) reported that cytokinins have a role in reducing the plastochron and /or increasing cell division of snap bean plants.
The beneficial effects of compound 2 due to its contains of auxins , amino acids , micro elements and sea algae extracts also antioxidant which play an essential role in the regulation of plant growth ,development and interaction with other organisms and it was called a plant hormone (Harborne,1980 and Raskin,1992 ) . Indeed, it has beneficial effect for catching the abundant reactive oxygen species (ROS) that cause senescence and loss of plasma membrane permeability and death of cells within plant tissues ( Bodannes and Chan, 1979), a signal transduction or messenger (Klessing and Malamy, 1994 ) and a growth regulator which participates in the regulation of physiological processes in plants ( Umebese et al., 2009 ).
Effect of the interaction between densities and different sources of chemical compounds:
Data in Table ( 3) illustrated that snap bean plants growth were affected as a result of the different combinations between densities and different sources of chemical compounds .It is obviously that the combinations were significantly differed compared with the control treatment in the two seasons of this study, On the other hand, the four studied plant densities equally responded to the different sources of chemical compounds treatments. As for, density at 40 plants/m 2 with chemical compound 2 recorded the highest means of plant height (43.56and 42.33cm.), number of branches (7.50 and 7.66) and number of leaves (15.33and 15.96), in both seasons, respectively, whereas the highest values of stem diameter (6.83 and 7.00 mm) were noticed at density 30plants/m2 with chemical compound 1, respectively, in both seasons.
Regarding to the leaf area, fresh and dry weight, the results in the previous table declared that the interaction between densities and different sources of chemical compounds were significant, whereas the highest values of them were achieved at 30 plants/m 2 with chemical compound 2.
Green pods yield and its characteristic:
Effect of plant densities:
Results in Table (4) showed the effect of plant densities on some characters of snap bean i.e., pod length, pod diameter, pod weight, number of pods/plant and total green pod yield/ feddan. Data showed that, there is no significant effect from using all plant densities on pod length in both seasons The results explained that plant density at 40 plants /m 2 had the highest values to pod diameter and pod weight in the two seasons, whereas, plant density 60 plants/m2 in the two seasons showed higher values than other treatments according to number of pods/plant and total green pod yield /fed. The results cleared that, the production from plants grown under the density of 60 plants/ m2 had the highest values in both growing seasons followed by the plants at density 40plants /m2 with significant differences between them in both seasons. Data revealed that increasing snap bean plants densities decreased yield components, while the total yield was increased by increasing plant density. These results were in agreement with Moot and Mcneil (1995) , El-Atabany (2000), Amer et al., (2001) , Rasaei et al., (2012) and Yucel (2013) on pea plants.
Effect of different sources of chemical compounds:
It is obvious from data in Table ( 4) that all different sources of chemical compounds significantly increased all studied parameters, i.e., pod length, pod diameter, pod weight , pods number/ plants and total pod yield /feddan compared with the control in both seasons.
Treating snap bean plants with chemical compound 2 gave the best results as for pod length (12.00 and 12.22 cm.), pod weight (5.81 and 6.21 gm), number of pods/plant (14.77 and 16.66) and total pod yield (4.699and 4.868 ton/fed.) in both seasons, respectively followed by chemical compound 1, while, control plants recorded the lowest values in the two seasons.
Add that, chemical compound 1 treatment gave the highest values of pod diameter (7.87 and 7.92 mm) and the control plants recorded the lowest values with (6.10 and 6.52 mm) in both seasons, respectively.
The stimulatory influence of treating by chemical compound 2 on yield may be due to its bio regulator effect on ion uptake, cell division , cell differentiations, protein synthesis and photosynthetic activity ( Blokhina et al., 2003 and EL-Tayeb, 2005) . Moreover, it increases flower longevity via inhibition of ethylene production (Lesilie and Romani,1986) .
Concerning the effect of chemical compound 2 on snap bean yield, it may be due to its role in the regulation of photosynthesis, enhancing cell division and expansion, root elongation and transmembrane, electron transport (Smirnoff, 2000) . Moreover, it contains endogenous cytokinins (zeatin ,dihydrozeatin and isopentyladenine ) which affect assimilate mobilization and/or distribution and increase pod set and pod number per branch in leguminous crops. (Emongor, 2015 and Kothule et al., 2003) .
Effect of the interaction between densities and different sources of chemical compounds:
Table (5) show the effect of the interaction between densities and different sources of chemical compounds on pod length , pod diameter ,pod weight , number of pods per plant and total pod yield/feddan of snap bean. It is clear from the previous table that all combinations between density and different sources of chemical compounds have significant differences when compared with the control on all pod yield parameters, except pod weight in the first season and pod length and number of pods/plant in both seasons.However, treating snap bean plants with chemical compound 2 under density 30 plants/m 2 or 40 plants/m 2 produced the highest values of pod length, pod weight, number of pods per plant and total pod yield per feddan, while, treating by chemical compound 1 under density 30 plants/m 2 gave the highest pod diameter value in both seasons. Moreover, the lowest values of pod length, pod diameter, pod weight and total pod yield/feddan were recorded with untreated plants (control).
Chemical components of leaves:
Effect of plant densities:
Data in Table ( 6) showed the effect of plant densities on leaves content of N, P and K percentages during 2017 and 2018 seasons. The data showed that all studied densities significantly differed in their leaves mineral contents, however,30 plants /m2 recorded the highest amount of leaves N,P and K followed by 20 plants/m2 and 40 plants/m2 then 60 plants/m2 in both seasons, respectively. Regarding the total chlorophyll content in leaves, data showed that plant density at 30 plants /m 2 gave the highest values total chlorophyll in the two studied seasons followed by 20 plants/m 2 . In this regard, EL-Atabany (2000) and Khairy (2013) found that total chlorophyll was increased with the lower plant densities.
Effect of different sources of chemical compounds:
Table (6) illustrated the effect of different sources of chemical compounds on leaves content of N, P and K percentages and total chlorophyll during 2017 and 2018 seasons. The results indicated that plants treated with all studied sources of chemical compounds increased leaves content of N, P and K percentages in both seasons of study compared with untreated plants.
However, the dimension order of obtained results were , chemical compound 1,compound 2, compound 3,compound 4 and control in both seasons, respectively.
Regarding total chlorophyll, data explained that all studied chemical compounds treatments had significant effect on previous parameter compared with control in both seasons.
Treating snap bean plants with chemical compound 2 recorded the highest content of leaf chemical components followed by chemical compound 1, compound 3and compound4 in both seasons, respectively, meanwhile the control treatment recorded the lowest values.
Similar results were found by Emongor (2015) , Dawa et al., (2014) and Nour et al., (2012) .
Effect of the interaction between densities and different sources of chemical compounds:
Table (7) showed the effect of interaction between densities and different sources of chemical compounds on leaves content of N, P and K percentages and total chlorophyll during 2017 and 2018 seasons. The differences between interactions treatments were significant in previous characters compared with control in both seasons.
Treatment 30 plants/m2 with chemical compound 2 recorded the highest leaves content of N,P,K and total chlorophyll contents in both seasons, except P content in the second season , in which treated with chemical compound 1 under 30 plants/m2 came in the first place. Meanwhile the control plants under 60 plants/m2 recorded the lowest values in all studied characters.
Chemical constituents of pods:
Effect of plant densities:
Data in Table ( 8) showed the effect of plant densities on chemical constituents of snap bean green pods i.e., vitamin C, total soluble solids, acidity and fiber contents during 2017 and 2018 seasons, the data showed that all studied densities differed significantly, whereas, by increasing plant densities rising of V.C, TSS and fiber were occurred, while, decreasing of acidity was recorded in both seasons, respectively. 
Effect of different sources of chemical compounds:
The effect of different sources of chemical compounds applications on chemical constituents of snap bean green pods (pod quality), i.e., vitamin C, total soluble solids, acidity and fiber contents are presented in Table ( 8) .
Such results revealed that all different sources of chemical compounds applications significantly increased vitamin C and total soluble solids (TSS), meanwhile decreased acidity and fiber contents compared with control in both seasons.
Pods of the plants treated with chemical compound 1 and chemical compound 2 took the first place for vitamin C and TSS contents, respectively and the least was pods of untreated plants. According to acidity and fiber contents ,pods of control plants recorded the highest values in both seasons compared with other treatments, whereas pods of plants treated with chemical compound 2 and chemical compound 3recorded the lowest values in both season, respectively.
According to the effect of chemical compound 3 and chemical compound 4, the results showed nonsignificant differences with respect to vitamin C and TSS in both seasons.
The synergistic effect of chemical compound 1 on leaf total chlorophyll content may be attributed to its major role in increasing its endogenous concentrate on which regulate and protect photosynthetic processes ( Farago and Brunhold,1994) and in turn probably led to more synthesis of pigments including total chlorophylls and carotenoids content.
Moreover, the enhancing effect of chemical compound 1 on pod quality probably related to its major role in multifarious metabolic processes such as photosynthesis and regulating co-enzymatic reactions by which carbohydrates and proteins were metabolized ( Barakat et al., 2015) .
Also, the presence of its content of cytokinins, which facilitates the mobilization of nutrients to the pods and vitamins A,B (1,2,3,6 and 7),C,D,Eand K, minerals include calcium, copper, iron, potassium, magnesium, manganes and zinc and more than 40 natural antioxidants (Makkar and Becker,1996 , Mahmood et al., 2010 and Kumari et al., 2011 .
The enhancement effect of chemical compound 3 and chemical compound 4 on k, P, S and N may be attributed to its stimulatory effects on cell division and enlargement, protein and nucleic acid synthesis and chlorophyll formation (El-Desouky et al., 1998 and Wanas, 2006) .
The favorable effect of chemical compound 2 on pod quality may due to its influence on physiological and biochemical processes including photosynthesis, ion uptake, membrane permeability, enzyme activities, flowering heat protection and growth also development of plants (Arberg, 1981) .
Effect of the interaction between densities and different sources of chemical compounds:
The effect of interaction between densities and different sources of chemical compounds applications on vitamin C, total soluble solids (TSS), acidity and fiber contents of snap bean green pods were shown in Table ( 9) . It is obvious that the interaction treatments recorded significant differences compared with control in all studied parameters, except TSS in both seasons and acidity in the first season.
Regarding vitamin C and TSS contents in pods, planting at 30 plants/m 2 under treated with chemical compound 1 and chemical compound 2 recorded the highest values, in both seasons, respectively , while untreated plants which planting at 20 plants/m 2 recorded the lowest values. Moreover, acidity and fiber contents of pods were highly in planting at 20 plants/m2 untreated plants; whereas 30 plants/m 2 treated with chemical compound 2 recorded the lowest values in both seasons. 
CONCLUSION
It could be concluded that under clay soil condition and furrow irrigation treating snap bean cv.Polista with some chemical compounds consist of some stimulatory substances in purpose to face the unstable weather and weather fluctuations specially low temperature with fall season, i.e., chemical compound 2 (2L/fed.) with planting 30 plants/m 2, which could be achieves significant values in improving green pods yield without remarkable changes in yield quality.
However, it can be noticed that the four studied densities could be responded to all used chemical compounds treatments, though 30 plants/m 2 surpassed 40 plants/m 2 also20 and 60 plants/m 2 and take place in diminution order, as follow: compound 2, compound 1, compound 3 and compound 4 for increasing yield and quality under local environmental conditions of this experiment.
